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© An ink-iet printing head used on the ink-jet printer, which is characterized in that a ^^'^'-'^^^^^^^^ 
^mprising a uniform layer of polymer including fluorine is formed on the surface of a nozz e from wh.ch mk s 
•et^d. Sa?d water-repellent layer can be formed to be solid and homogeneous by the use of ^o yrr^er so^^^^^^^ 
solvent and including fluorine, and thus an ink-jet printing head excellent ,n persistence of water-repellent 
characteristic and effect and durability is provided by a comparatively simple method. 
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Technical Field 



The present Invention relates to an Ink jet recording head having an excellent water repellency for use 
in an ink jet recording device and a process for producing the same. 

Background Art 

A material such as glass, a metal or a resin is used for an ink jet recording head. 

In the use of a water-based ink in an ink jet recording head, when the water repellency of the surface of 
0 a nozzle is unsatisfactory, droplets of an ink are liable to adhere to the surface of the nozzle, which spoils 
the rectilinearity of jetted ink droplets, so that it often becomes impossible to conduct recording due to 
occurrence of troubles such as disturbance of setting. 

For this reason the surface of a nozzle which is a portion for jetting an ink has hitherto been subjected 
to a treatment for rendering the surface of the nozzle water-repellent. For example, a proposal has been 
-s made on a method wherein a particle of a water-repellent material is deposited on the surface of a nozzle 
for example, by electrostatic powder coating (see Japanese Patent Application Laid-Open No. 157765/1982) 
and vacuum deposition and plasma polymerization (see Japanese Patent Application Laid-Open Nos. 
183161/1985 and 176059/1984) to render the surface of the nozzle water-repellent. 

In the above-described conventional treatment for rendering the surface of the nozzle water-repellent, it 
20 is not always easy to form a smooth repellent surface free from any defect such as a pinhole. This causes 
properties to be varied from product to product, and the properties to change with the elapse of time. 
Further in the electrostatic powder coating, the baking temperature should be 300' Cor above. In the case 
of a metal the dimensional accuracy is spoiled, and it is impossible to apply this method to a resin. When 
use is made of vacuum deposition, a large device should be used and it is difficult to conduct the process 
25 control. Further, in this method, since the bonding strength is insufficient, only a product having an 
insufficient bonding strength can be obtained. 

The present invention can solve the above-described problem, and an object of the present invention is 
to provide an ink jet recording head which is excellent in the water repellency of the surface of the nozzle, 
the persistence of the water repellency and the durability and enables a high printing quality to be 
30 maintained for a long period of time, and a process for producing the same. 

Disclosure o f the Invention - 

The above-described object can be attained by an ink jet recording head for use in an ink jet recording 
35 device wherein a water-repellent layer comprising a homogeneous layer of a fluoropolymer is formed on 
the surface of a nozzle for jetting an ink. The ink jet recording head having an excellent water-repellent 
property can be produced by forming the above-described water-repellent layer comprising a fluoropolymer 
on the surface of a nozzle for jetting a nozzle by coating or transfer through the use of a solvent-soluble 
fluoropolymer solution. 

40 In the treatment for rendering the surface of the nozzle water-repellent, since the contact angle of wate 
to the surface of the nozzle should be at least 90" , preferably at least 100' , the polarizability is so snnall 
that it is useful to introduce fluorine having a remarkably small inter-molecular cohesive force. Although a 
fluoropolymer represented by polytetrafluoroethylene has excellent features such as heat resistance, 
chemical resistance and weather resistance, it is insoluble in a solvent, so that only powder coating can be 

45 applied to the fluoropolymer. This makes it possible to attain a good water-repellent property. 

Br ief Description of Drawings 

Figs, i and 4 are schematic cross-sectional views of ink jet recording heads according to embodiments 
so of the present invention; 

Fig. 2 is a partially enlarged cross-sectional view of an ink jet nozzle; 

Fig. 3, Figs. 5 to 9 and Fig. 13 are typical cross-sectional views showing the steps of rendering the 
surface of a nozzle water-repellent; 

Fig. 10 is a schematic cross-sectional view of an ink jet recording head according to an embodiment ol 

55 the present invention; 

Figs. 11 and 12 are explanatory views showing a process for terming a water-repellent layer according to 

a water surface spreading method; and 
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figs. 14 and 15 are explanatory views showing a process for fornaing a water-repellent layer according to 
a LB film forming nnethod. 

Best Mode for Carrying Out the Invent ion 

Embodinnents of the present invention will now be described. 

The ink jet recording head according to the present invention is mounted on an ink jet recording device 
and characterized in that a water-repellent layer comprising a homogeneous layer of a fluoropolymer is 
formed on the surface of a nozzle for jetting an ink. 

The above-described water-repellent layer is formed through the use of a solvent-soluble fluoropolymer. 
The solvent-soluble fluoropolymer is preferably amorphous. Specific preferred examples of the solvent- 
soluble fluoropolymer include polydiperfluoroalkyi fumarate, Teflon AF (trademark, De Pont (E.I.) de 
Nemours & Co), solvent-soluble fluoropolymers such as CYTOP (trademark, Asahi Glass Co., ltd.) and 
alternating copolymers of fluoroethylenes with hydrocarbon ethylenes such as an alternating copolymer of 
diperfluoroalkyi fumarate with styrene. an alternating copolymer of ethylene trifluoride chloride with a vinyl 
ether and an alternating copolymer of ethylene tetrafluoride with a vinyl ester, and their analogues and 
derivatives. 

Preferred examples of the solvent include fluorinated liquids include Fluorinert (trademark, 3M Co.), 
Garden (trademark, Montefluos), trifluoromethylbenzene and hydrochlorofluorocarbon. 

The concentration of the fluoropolymer in the fluoropolymer solution is preferably 0.01 to 7 % by 
weight, still preferably 0.1 to 5 % by weight. 

Since the above-described fluoropolymer is solvent-soluble, it is possible to form a water-repellent layer 
through the use of the fluoropolymer in a solution form according to a coating method or a transfer method. 
The water-repellent layer thus formed comprises a dense, homogeneous film comprising a homogeneous 
layer or continuous layer of a fluoropolymer. and it is believed that such a film structure contributes to a 
remarkable improvement in the water-repellent property and the persistence of the effect of water 
repellency. 

In the present invention, it is also possible to form a water-repellent layer through a coupling compound 
layer for the purpose of further improving the adhesion between the water repellent layer and the surface of 
the nozzle. 

A further feature of the present invention is that the water-repellent layer can be formed by simple and 
rapid methods, for example, a coating method such as dipping and a transfer method which will be 
described later. 

Specifically, the process for producing an ink jet recording head according to the present invention 
comprises subjecting the surface of a nozzle for jetting an ink of an ink jet recording head to a treatment for 
rendering the surface of the nozzle water-repellent, characterized in that the process comprises the steps 
of: preparing a polymer solution of a fluoropolymer dissolved in a solvent; coating through dipping said 
polymer solution on the whole surface of a nozzle plate provided with an ink jet hole to form a water- 
repellent layer comprising a fluoropolymer on the whole surface of the nozzle plate: and removing through 
grinding the water-repellent layer on the reverse surface (the opposite side of a side from which an ink is 
jetted) of the nozzle plate in the water-repellent layer formed on each surface of the nozzle plate. 

According to another embodiment of the process of the present invention, the process may further 
comprise, after forming the water-repellent layer on the whole surface of the nozzle plate, forming a 
protective layer on only at least the inside or vicinity of the jet hole of the nozzle, removing through grinding 
the water-repellent layer on the reverse surface (the opposite side of a side from which an ink is jetted) of 
the nozzle plate in the water-repellent layer formed on each surface of the nozzle plate and removing said 
protective layer. 

According to another aspect of the present invention, there is provided a process for producing an ink 
jet recording head, comprising subjecting the surface of a nozzle for jetting an ink of an ink jet recording 
head to a treatment for rendering the surface of the nozzle water-repellent, characterized in that the process 
comprises the steps of: coating a positive-working resist on at least the reverse surface (the opposite side 
of a side from which an ink is jetted) of a nozzle plate provided with an ink jet hole; irradiating the nozzle 
plate with an ionizing radiation from the surface side of the nozzle plate with the reverse surface side being 
light-shielded; developing the irradiated surface and removing the resist from the surface of the nozzle plate 
and the inside of the nozzle hole; coating through dipping a polymer solution containing a fluoropolymer 
dissolved therein on the whole surface of the nozzle plate to form a water-repellent layer comprising a 
fluoropolymer on the whole surlace of the nozzle plate; end removing the resist layer and the water- 
repellent layer on the reverse surface side of the nozzle plate to form a water-repellent layer on only the 
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surface side of the nozzle plate and the internal surface of the nozzle hole. 

When use is made of transfer, the process for producing an ink jet recording head according to the 
present invention comprises subjecting the surface of a nozzle for jetting an ink of the ink jet recording head 
to a treatment for rendering the surface of the nozzle water-repellent, characterized in that the process 

5 comprises the steps of: forming a polymer layer comprising a polymer solution containing a fluoropolymer 
dissolved therein on the surface of a transfer medium; and transferring the polymer layer formed on the 
transfer medium to a predetermined portion of the surface of the nozzle provided with an ink jet hole. When 
the transfer is conducted a plurality of times, the densiness can be increased, so that a film having a 
desired thickness can be formed. 

70 In the above-described process wherein use is made of transfer, it is possible to use a water surface 
spreading method- which comprises spreading a polymer solution containing a fluoropolymer dissolved 
therein on the surface of water, evaporating a solvent contained in the polymer solution and bringing the 
spread film into contact with the surface of a nozzle. When the transfer of the water surface spread film is 
conducted a plurality of times, a film having a desired thickness can be formed. 

75 In the process wherein use is made of transfer, a more homogeneous and dense water-repellent layer 
can be formed by conducting a drying and heating treatment after the transfer of the polyrner layer. 

Further, In the present invention, it is possible to use a method for forming a LB film on the surface of a 
nozzle which comprises spreading a polymer solution containing a fluoropolymer dissolved therein on the 
surface of water, evaporating the solvent, moving a barrier to form a Langmuir film from the resultant spread 

20 film and bringing the resultant Langmuir film into contact with the surface of the nozzle. 

In the above-described LB film, at least one layer may be laminated to a desired thickness. A more 
homogeneous and dense water-repellent layer can be formed by conducting a heat treatment after the 
transfer of the LB film. 

In the transfer method, when an elastic body, such as rubber, is used as a transfer medium, in order to 

25 form a good water-repellent film, it is important to bring the surface of the transfer medium to a smooth 
state. The treatment of the surface of the head according to the transfer method is disclosed in Japanese 
Patent Application Laid-Open No. 48953/1990. This method is characterized in that use is made of a 
transfer medium comprising a porous material. The present inventors, however, have found that although 
the method wherein the transfer is conducted through the use of a porous transfer medium is excellent in 

30 the transfer efficiency, it is not always useful for forming a homogeneous, dense water-repellent layer 
having an excellent water-repellent property contemplated in the present invention and, as described above, 
the method wherein the surface of the transfer medium is brought to a smooth state is useful for this 
purpose. As described above, when the surface of the transfer medium (support) is brought to a smooth 
state, the peelability of the polymer layer from the transfer medium unexpectedly becomes so good that the 

35 polymer layer can be made thick and homogeneous. 

Prior to the transfer of the polymer layer, a coupling compound layer can be formed on the surface of 
the nozzle,- and a combination of the transfer method with the formation of the coupling compound layer 
enables a water-repellent layer having an excellent adhesion and a large thickness to be formed. Methods 
of rendering the surface of the nozzle water-repellent including a method of forming a coupling compound 

40 layer will now be described. 

At the outset, the nozzle plate is immersed in a coupling solution comprising a coupling compound and 
a solvent and then in a solvent. The immersion of the nozzle plate in a solvent advantageously has the 
effect of making the thickness of coating of the coupling compound uniform to further stabilize the adhesion 
between the water-repellent layer and the surface of the nozzle plate. 

45 Water and alcohols, such as methanol and ethanol, can be used as the solvent for the coupling solution. 
When water is used as the solvent, the handleability becomes better. Further, since the surface tension is 
so large that it is possible to prevent the coupling compound from penetrating into the hole in the nozzle. 

Then, the coupling coating layer is dried, and a water-repellent layer is transferred thereon. In the 
transfer method, an elastic body having a specular surface, for example, a silicone rubber, a urethane 

50 rubber, a butyrene rubber, gelatin or a chloroprene rubber is used as the transfer medium. The above- 
described fluoropolymer solution is coated on the surface of the transfer medium by spin coating or uniform 
pull-up immersion, and a nozzle plate is pressed against the coated surface to transfer the polymer layer to 
the surface of the nozzle plate. 

The transferred polymer layer is then baked. It is preferred to conduct the baking at a temperature not 

55 below the glass transition point of the polymer. The baking enables the volatile solvent contained in the 
polymer layer to be completely removed. Further, the present inventors have found that the heating of the 
transferred polymer layer to a temperature not below the glass transition point of the polymer leads to an 
increase in the fluidity of the polymer layer which improves the coating property and further contributes to 
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an improvement in the adhesion. 

Further, in the above-described method, the following procedure may be used. After exposure of the 
surface of the nozzle plate to an ozone atmosphere, a coupling layer is formed, and a water-repellent layer 
is then formed. Alternatively, after the formation of the coupling layer, the surface of the coupling layer may 
5 be exposed to an ozone atmosphere followed by the formation of a water-repellent layer. The surface 
cleaning treatment wherein use is made of ozone removes stains on the surface, which contributes to a 
further improvement in the adhesion of the formed layer. The ozone atmosphere can be formed by 
irradiation with oxygen plasma or ultraviolet rays. 

The present invention will now be described in more detail with reference to the following embodiments. 

70 

Embodiment A 



Fig. 1 is a typical cross-sectional view of an embodiment of an ink jet recording head. Numeral 1 
designates a pressure chamber which is a portion for obtaining a pressure used in the ejection of an ink by 
75 means of a PZT element or a heating element. Numeral 2 designates an ink jet nozzle. Numeral 3 
designates a first substrate provided with a pattern groove for an ink passage. Numeral 4 designates a 
nozzle plate. An ink passage is formed by laminating both members on top of the other. 

Example A1 

20 

A polydiperfluoroalkyl fumarate was dissolved in a fluorocarbon solvent, and the solution was spin- 
coated on the surface of a nozzle in a nozzle plate comprising a polysulfone resin. Although the 
concentration of the solution and the film thickness can be suitably selected, in this example, a solution 
having a concentration of 0.3 % by weight was coated at 3000 rpm for one min, and the coating was dried 

25 at 80"C to form a polydiperfluoroalkyl fumarate layer having a thickness of 300 A. The observation under a 
microscope has revealed that the formed thin film was very dense and homogeneous. The film had a 
contact angle of 115* to water, that is, a high water repetlency. 

A first substrate of a polysulfone resin and the nozzle plate subjected to a treatment for rendering it 
water-repellent were washed and dried, and bonded to each other at 80'C through a solvent cement of the 

30 same polysulfone resin dissolved in a solvent, thereby assembling an ink jet recording head. The 
appearance of the vicinity of the cross section of the recording head is shown in Fig. 2. Numeral 21 
designates a fluoropolymer layer formed by coating. 

The ink jet recording head thus produced was mounted on a recording device, and a setting test was 
conducted. As a result, neither omission of dot nor disturbance of setting occurred. That is, it was confirmed 

35 that the nozzle was successfully rendered water-repellent. Then, the ink jet recording head was immersed in 
an ink at 70* C for 5 days, and a setting test was conducted in the same manner as that described above. 
The setting quality was the same as the initial property. That is, the recording head maintained a sufficient 
ink resistance. A rubbing test was conducted through the use of a silicone rubber. As a result, the contact 
angle of the recording head to water was 100" or more after rubbing the recording head 5000 times. Thus, 

40 an ink jet recording head which gives rise to substantially no deterioration of the water repellency and can 
provide a high setting quality for a long period of time could be realized. 

Example A2 



45 A solvent-soluble fluoropolymer (CYTOP manufactured by Asahi Glass Co., Ltd.) was dissolved in a 
fluorinated liquid, and the solution was coated through dipping on the surface of a nozzle plate comprising 
nickel. The portions unnecessary to be rendered water-repellent were previously masked by taping, resist or 
the like. 

A first substrate of a polycarbonate resin and the nozzle plate subjected to a treatment for rendering it 
50 water-repellent and removal of the mask were washed and dried, and then bonded to each other, thereby 
assembling an ink jet recording head. The ink jet recording head thus produced was mounted on a 
recording device, and a setting test was conducted. As a result, neither omission of dot nor disturbance of 
setting occurred. That is, it was confirmed that the nozzle was successfully rendered water-repellent. Then, 
the ink jet recording head was immersed in an ink at 70 °C for 5 days, and a setting test was conducted in 
55 the same manner as that described above. The setting quality was the same as the initial property. That is, 
the recording head maintained a sufficient ink resistance. A rubbing test was conducted through the use of 
a silicone rubber. As a result, the contact angle of the recording head to water was 100' or more after 
rubbing the recording head 5000 times. Thus, an ink jet recording head which gives rise to substantially no 



6 



EP 0 531 535 A1 



deterioration of the water repellency and can provide a high setting quality for a long period of time could 
be realized. 

Example A3 

5 

A fluoroethylene/vinyl ether copolymer was dissolved in trifluoromethylbenzene, and the solution was 
spin-coated on the surface of a nozzle plate comprising a potyethersulfone resin. Although the concentration 
of the solution and the film thickness can be suitably selected, in this example, a solution having a 
concentration of 1 % by weight was coated at 3000 rpm for one min. and the- coating was dried at 120* C to 

10 form a fluoroethylene/vinyl ether copolymer layer having a thickness of 500 A. The observation under a 
microscope- has revealed that -the formed thin film was very dense and homogeneous. The film had a 
contact angle of 105' to water, that is, a high water repellency. 

A substrate of a potyethersulfone resin and the nozzle plate subjected to the surface treatment were 
washed and dried, and bonded to each other, thereby assembling an ink jet recording head. The ink jet 

75 recording head thus produced was mounted on a recording device, and a setting test was conducted. As a 
result, neither omission of dot nor disturbance of setting occurred. That is. it was confirmed that the nozzle 
was successfully rendered water-repellent. Then, the ink jet recording head was immersed in an ink at 
70 'C for 5 days, and a setting test was conducted in the same manner as that described above. The 
setting quality was the same as the initial property. That Is, the recording head maintained a sufficient ink 

20 resistance. A rubbing test was conducted through the use of a silicone rubber. As a result, the contact angle 
of the recording head to water was 95 ' or more after rubbing the recording head 5000 times. Thus, an ink 
jet recording head which gives rise to substantially no deterioration of the water repellency and can provide 
a high setting quality for a long period of time could be realized. 

The present invention was described above with reference to examples. Materials used in the ink jet 

25 recording head and structures of the ink jet recording head and the kind of the ftuoropolymer layer formed 
on the surface of the nozzle may be varied and are not particularly limited. Further, there is no particular 
limitation on the solvent for the fluoropolymer and the coating method. 

As described above, the present invention can provide an ink jet recording head capable of providing a 
high setting quality through an effective and homogeneous treatment for rendering the surface of the nozzle 

30 water-repellent. Further, the treatment for rendering a recording head water-repellent according to the 
present invention is very excellent in the persistence of the water repellency, which contributes to a 
prolongation of the service life of the recording head. 

Further, in the process for producing an ink jet recording head, since the treatment for rendering the 
recording head water-repellent can be conducted through the use of a very simple apparatus and step, the 

35 production can be safely conducted and the cost can be remarkably reduced, which renders the effect of 
the present invention large. 

Embodiment B 



40 In recent years, a copolymer of a solvent-soluble polymer with a fluoropolymer and a synthetic polymer 
having a special fluorin-containing side chain have become prepared. Since these materials can substan- 
tially maintain properties of the conventional fluoropolymers and are soluble in a solvent, it is possible to 
easily obtain a smooth surface free from a pinhole through coating. However, the present inventors have 
found that when a hydrocarbon molecule site is present in the fluoropolymer, a water-repellent deterioration 

45 is liable to occur due to a partial deposition of a dye molecule contained in the ink. 

The present invention has been made with a view to solving the above-described problem, and an 
object of the present invention is to provide an ink jet recording head wherein the surface of the nozzle in 
the ink jet recording head has a high water repellency and is excellent in the persistence of the effect of 
water repellency and a high setting quality can be provided for a long period of time. 

50 The above-described object can be attained by an ink jet recording head for use in an ink jet recording 
apparatus, wherein a layer of a polymer which is soluble in a solvent and contains fluorine bonded to 
substantially all the molecular ends is formed on the surface of a nozzle for jetting an ink. 

In the treatment for rendering the surface of the nozzle water-repellent, since the contact angle of water 
to the surface of the nozzle should be at least 90", preferably at least 100*, the polarizability is so small 

55 that it is indispensable to introduce fluorine having a remarkably small inter-molecular cohesive force. 
Further, in the treatment for rendering the surface of the nozzle water-repellent, a high ink repellency and a 
high adhesion are separately required. 
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' The fluoropolymer represented by polyethylene tetrafluoride has excellent features such as heat 
resistance, chemical resistance and weather resistance. It, however, is insoluble in a solvent, so that, as 
described above, only powder coating can be applied thereto. Therefore, not only the film strength is low. 
but also the adhesion at the interface is remarkably low. Even though the polymer contains fluorine bonded 

5 to all the molecular ends, it can be made solvent-soluble through introduction of an ether or ester bond into 
the molecular chain. The coating of the polymer solution enables a smooth surface free from a pinhole to 
be easily obtained, so that a thin film having a high strength can be formed. In order to attain a film strength 
and a bonding strength between the film and the substrate derived from the film strength, it is indispensable 
for the molecular weight to be increased prior to the formation of the film. 

TO An ink is a solution of an organic molecule as a dye dissolved in water or a colloid comprising a 
pigment (mainly a carbon black) dispersed in water. In a conventional solvent-soluble fluoropolymer, since a 
hydrocarbon molecule portion is present, the dye molecule or pigment is deposited on the hydrocarbon 
molecule portion, so that there occurs a deterioration in the water repellency. In a polymer wherein fluorine 
is bonded to all the molecular ends, the surface of the polymer is water-repellent and oil-repellent due to 

75 the exclusion effect of the site of fluorine, which enables the deposition of all the molecules to be prevented 
for a long period of time. 

Example B1 

20 "Teflon AF" (manufactured by E.l. du Pont de Nemours & Co.) was dissolved in a fluorocarbon solvent 
and spin-coated on the surface of a nozzle in a nozzle plate comprising a polysulfone resin. 




Although the concentration of the solution and the film thickness can be suitably selected, in this example, a 
solution having a concentration of 0.3 % by weight was coated at 3000 rpm for one min, and the coating 
was dried at 80 ' C to form a 300 A-thick polymer layer which is soluble in a solvent and contains fluorine 
40 bonded to substantially all the molecular ends. The observation under a microscope has revealed that the 
formed thin film was very dense and homogeneous. The film had a contact angle of 105' to water, that is, 
a high water repellency. 

A first substrate of a polysulfone resin and the nozzle plate subjected to a treatment for rendering it 

water-repellent were washed and dried, and then bonded to each other at 80 " C through a solvent cement 
45 of the same polysulfone resin dissolved in a solvent, thereby assembling an ink jet recording head. The 

appearance of the vicinity of the cross section of the recording head is shown in Fig. 2. Numeral 21 

designates a "Teflon AF" polymer layer formed by coating. 

The ink jet recording head thus produced was mounted on a recording device, and a setting test was 

conducted. As a result, neither omission of dot nor disturbance of setting occurred. That is, it was confirmed 
50 that the nozzle was successfully rendered water-repellent. Then, the ink jet recording head was immersed in 

an ink at 70' C for 5 days, and a setting test was conducted in the same manner as that described above. 

The setting quality was the same as the initial property. That is, the recording head maintained a sufficient 

ink repellency. A rubbing test was conducted through the use of a silicone rubber while injecting a dye ink. 

As a result, the contact angle of the recording head to water was 100° or more after rubbing the recording 
55 head 5000 times. Thus, an ink jet recording head which gives rise to substantially no deterioration of the 

water repellency and can provide a high setting quality for a long period of time could be realized. 
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Example B2 

' "CYTOP" manufactured by Asahi Glass Co., Ltd. was dissolved in a fluorinated liquid, and the solution 
was coated through dipping on the surface of a nozzle plate comprising nickel. The portions unnecessary to 

5 be rendered water-repellent were previously masked by taping, resist or the like. Although the concentration 
of the solution and the film thickness can be suitably selected, in this example, the nozzle plate was pulled 
up from a solution having a concentration of 0.1 % by weight at a rate of 10 cm/min. and the coating was 
dried at 180*C to form a 0.1 um-thick polymer layer which is soluble' in a solvent and contains fluorine 
bonded to substantially ail the molecular ends. The observation under a microscope has revealed that the 

70 formed thin film was very dense and homogeneous. The film had a contact angle of 110' to water, that is, 

a high water repellency. 

A first substrate of a polycarbonate resin and the nozzle plate subjected to a treatment for rendering it 
water-repellent and removal of the mask were washed and dried, and then bonded to each other with an 
adhesive, thereby assembling an ink jet recording head. The ink jet recording head thus produced was 

75 mounted on a recording device, and a setting test was conducted. As a result, neither omission of dot nor 
disturbance of setting occurred. That is, it was confirmed that the nozzle was successfully rendered water- 
repellent. Then, the ink jet recording head was immersed in an ink at 70*C for 5 days, and a setting test 
was conducted in the same manner as that described above. The setting quality was the same as the initial 
property. That is, the recording head maintained a sufficient ink repellency. A rubbing test was conducted 

20 through the use of a silicone rubber while injecting a dye ink. As a result, the contact angle of the recording 
head to water was 100* or more after rubbing the recording head 5000 times. Thus, an ink jet recording 
head which gives rise to substantially no deterioration of the water repellency and can provide a high setting 
quality for a long period of time could be realized. 

25 Example B3 

"CYTOP" manufactured by Asahi Glass Co., Ltd. was dissolved in a fluorinated liquid, and the solution 
was spin-coated through dipping on the surface of a nozzle plate comprising a polyethersulfone. Although 
the concentration of the solution and the film thickness can be suitably selected, in this example, a solution 
30 having a concentration of 1 % by weight was coated at 2000 rpm for one min, and the coating was dried at 
120''C to form a 500 A-thick polymer layer which is soluble in a solvent and contains fluorine bonded to 
substantially all the molecular ends. The observation under a microscope has revealed that the formed thin 
film was very dense and homogeneous. The film had a contact angle of 110 ° to water, that is, a high water 
repellency. 

35 A first substrate of a polyethersulfone resin and the nozzle plate subjected to a treatment for rendering 
it water-repellent were washed and dried, and bonded to each other through a solvent for the polyethersul- 
fone rein, thereby assembling an ink jet recording head. The ink jet recording head thus produced was 
mounted on a recording device, and a setting test was conducted. As a result, neither omission of dot nor 
disturbance of setting occurred. That is. it was confirmed that the nozzle was successfully rendered water- 

40 repellent. Then, the ink jet recording head was immersed in an ink at 70'C for 5 days, and a setting test 
was conducted in the same manner as that described above. The setting quality was the same as the initial 
property. That is. the recording head maintained a sufficient ink repellency. A rubbing test was conducted 
through the use of a silicone rubber while injecting a dye ink. As a result, the contact angle of the recording 
head to water was lOO*" or more after rubbing the recording head 5000 times. . Thus, an ink jet recording 

45 head which gives rise to substantially no deterioration of the water repellency and can provide a high setting 
quality for a long period of time could be realized. 

The present invention was described above with reference to examples. Materials used in the ink jet 
recording head and structures of the ink jet recording head and the kind of the polymer layer soluble in a 
solvent and containing fluorine bonded to substantially all the molecular ends formed on the surface of the 

50 nozzle may be varied and are not particularly limited. Further, there is no particular limitation on the solvent 
for the fluoropolymer and the coating method. 

As described above, the present invention can provide an ink jet recording head capable of providing a 
high setting quality through an effective and homogeneous treatment for rendering the surface of the nozzle 
water-repellent. Further, the treatment for rendenng a recording head water-repellent according to the 

55 present invention is excellent in the persistence ot the water repellency which contributes to a prolongation 
of the service life of the recording head. 
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Embodiment C 

In the ink jet recording head according to the embodiment C, a polymer layer comprising the following 
alternating polymer of a fluoroethylene with a hydrocarbon ethylene or its analogue is formed on the surface 
5 of a nozzle for jetting an ink. 



10 




75 wherein Xi to Xa each stand for a fluorine or perfluoroalkyl group, and 

Ri to Ra each stand for a hydrocarbon substituent (containing a hydrogen or a halogen). 
In the treatment for rendering the surface of the nozzle water-repellent, since the contact angle of water 
to the surface of the nozzle should be at least 90* , preferably 100' or more, the polarizability is so small 
that it is indispensable to introduce fluorine having a remarkably small inter-molecular cohesive force. 

20 Further, in the treatment for rendering the surface of the nozzle water-repellent, a high ink repeliency and a 
high adhesion are separately required. 

The fluoropolymer represented by polyethylene tetrafluoride has excellent features such as heat 
resistance, chemical resistance and weather resistance. It, however, is insoluble in a solvent, so that, as 
described above, only powder coating can be applied thereto. Therefore, not only the film strength is iow, 

25 but also the adhesion at the interface is remarkably low. Since the alternating copolymer of a fluoroethylene 
with a hydrocarbon ethylene is soluble in a solvent, it is possible to easily form a smooth surface free from 
a pinhole through coating, which enables a thin film having a high strength to be formed. Further, since a 
hydrocarbon ethylene portion is evenly contained on a molecular level within the polymer, it is possible to 
attain a sufficient bonding strength between the polymer and the metal or resin constituting the nozzle. In 

30 order to attain a film strength or a bonding strength, it is indispensable for the molecular weight to be 
increased prior to the formation of the film. 

An ink is a solution of a dye molecule having a molecular weight of several hundreds dissolved in water 
or a colloid comprising a pigment (mainly a carbon black) having a primary particle diameter of several 
hundreds A dispersed in water. In the usually prepared random copolymer, since a polymer portion wherein 

35 several tens of units of a hydrocarbon ethylene free from fluorine continues is formed, a dye molecule or a 
pigment particle in the ink are deposited thereto, so that a water-repellent deterioration occurred. In the 
alternating copolymer of a fluoroethylene with a hydrocarbon ethylene, a fluoroethylene portion is equally 
contained on a molecule level within the polymer, a dye molecule having a molecular weight of several 
hundreds and a dye particle having a primary particle diameter of several hundreds A cannot be deposited 

40 due to the exclusion effect of the site of fluorine. An alternating copolymer of a fluoroethylene with a 
hydrocarbon ethylene is ideal for the structure of the polymer. However, it is not always necessary that 
these monomers be alternately bonded, and there exists a portion wherein two or three units of 
fluoroethylene or hydrocarbon ethylene are continuously bonded. In effect, even though the synthesis of an 
alternating copolymer is intended, an alternate copolymer having a complete molecular structure is not 

45 always formed. 

Example Cl 

The following alternate copolymer of a diperfluoroalkyi fumarate with styrene was dissolved in a 

50 fluorocarbon solvent, and the solution was spin-coated on the surface of a nozzle in a nozzle plate 
comprising a polysulfone resin. 
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• ^ . ir.r rnnr f wherein m is 1 to 20. Although the concentration of the solution and 

°°°Th. tok iet recording Wad thus produced w.s mouot.d oo a recordino do«icD. and a sotting tost was 

an ink at 70' C for 5 days, and a seuing TSbi wd^ ^. rpmrdina head maintained a sufficient 

The setting quality was the same as the 'n^- ^^^^J^/^;^^; tsi cone ubber l^ injecting a dye ink. 

SavEr—^^^ 

wat repe.,rcy and can^rovide a high setting cua.ity for a long period of time could be realized. 

Example C2 



35 nickel. 
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45 wherem R stands tor an ^'Xv' S^P. ^^^^.^epellent were previously masked by taping, resist or the 
The portions unnecessary to be rendered water repenem e ^ / ^e suitably selected, in this 
like. Although the concentration of the solut.on ^"J^^^J' ^^nSm^^^^^ % by weight at a rate 

exarnple, the nozzle plate was P""f ^^^^ -f'^^^ form a' 0 1 uTtS high polymer'of an alternating 

:;v:e:t eCr tSL^^^^^^^^^^^^ - o„ ^^^z:^ 

that the formed thin film was very dense and homogeneous. The film had a contact angle 

^"•r.:srtrt;Ta''ro;Uonate resm and the noz.le plate -^^^Z^^^^'T:: 
wa.er-repe.lent and removal of the mask ;-hed ^ ^.^^^^ j:^,;;, p^d.ced was 

adhesive, thereby assembling an ,nk i^' jj^^^^^^^ ^ "resu.t.'neither omission of dot nor 

mounted on a recording device, and a setting test ^^^ ''^^^'^^^^^^^ successfully rendered water- 

disturbance of setting occurred. That is, .t was conf.rmed that the a setting test 

repellent. Then, the ink jet recording head was immersed .n an ,nk at 70 C for 5 days, and g 
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,hrn?rh ih % ^''^ ' ''^""^'^"^ '""^ ^^P^"^"<=y- A rubbing test was conducted 

through the use of a sjcone rubber while injecting a dye ink. As a result, the contact angle of the record no 

h L IT'- ? '"'^ ^"''"^ ^^^-^ Thus, an ink jet re o ding 

head wh.ch g,ves nse to substantially no deterioration of the water repellency and can provide a high setting 
quality for a long period of time could be realized. c a nign s.ening 



Example C3 



- An -analogue of an alternating copolymer of ethylene tetrafluoride with a vinyl ester was dissolved in a 
im^oromethylbenzene and the solution was coated through dipping on the surface of a nozzle n a no "le 
plate comprising a polyethersulfone resin. — • o "i d ou^zie 



75 



20 



45 





50 



55 



wherein R stands for an alkyi group. The control at the time of the synthesis of the polymer is not complete 

bonded. Although the concentration of the solution and the film thickness can be suitably selected in th s 
. example, a solution having a concentration of 1 % by weight was coated at 3000 rpm for one r^ n a^d the 
coating was ried at 120-C to form a 500 A-thick high polymer layer of an analogue o an aliernatng 
formtdTnl- ""''w''"' ' -icroscope'h as revealed a e 

:z:tz:^^^^^^^^ " ' ^"^'^ '''' - 

A first substrate of a polyethersulfone resin and the nozzle plate subjected to a treatment for renderino 
It water-repellent were washed and dried, and then bonded to each other through a solvent for the po S 
sulfone resm, thereby assembling an ink jet recording head. The ink jet recording head thus produced was 
mounted on a recording device, and a setting test was conducted. As a result, neither om ssbn of dot no 
disturbance Of setting occurred. That is. it was confirmed that the nozzle was successfully rendered water 
repellent^ T en. the ink jet recording head was immersed in an ink at TO'C for 5 days, and a setting t t 
pTopeTS il" ; : ^^"'"9 ^-''y -s .he same as the n 

thrroh thp r """""'"^^ ' '""^ ^^P^l'^^'^y- A rubbing test was conducted 

hrough the use of a silicone rubber while injecting a pigment ink. As a result, the contact angle of the 

recolS .IT. hT- """^'"^ '^''^''"^ ^'^^ 5000 times. Thus, an ink S 

Ih S;?nJ n f '° ^"b^'-"'i-"y no deterioration of the water repellency and can provide a 

high setting quality for a long period of time could be realized. P u lue a 

Reference Exam ple 

estef was'diL'lv^d''""'' "["'"'f""]' P°'y""°^i'^^ ^nd a copolymer of ethylene tetrafluoride with vinyl 
es er was dissolved in a solvent, and the solution was coated on a nozzle plate comprising nickel or a 
polysulfone resin. The observation under a microscope has revealed that the formed fh fSm was very 
^°-09eneous. The films had a contact angle of 100' or more to water, that is, a hig wateT 

of the nozzle plates to water was measured again. As a result, the contact angle of the sample where a 
random copolymer of ethylene tetrafluoride with vinyl ester was coated was reduced to 50- orTe s WhTn a 
reatmen. lor wiping off the ink was separately conducted, the water-repellency was reco ered wh ch 
suggested a deterioration of the water repellency attributable to a partial deposition of a dye molecule or a 

in'S IT 'u ' "'"'"3 '^-"9^ °' ^ -"cone rubb while 

njecting a dye ink. As a result, the contact angle of the sample to water was lowered to 60' or less when 
he head was rubbed 2000 limes with the silicone rubber. Although a treatment for rubbing off the i k wa 
raXleVoff ^"99es.ed that the hig'h polymer laye 
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incl.de ethylene «..luo,ide. ethylene lnfK.0 nde '^^;J'^^^XZZ„ ethylene Include vlnyl 
'T^'hT:;:; eC I^r. tn^ ci re Cen^^^^^^^^ .ethyl ™thac„,«e. Further, 



Embodiment D 
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,n the present embodiment, the process tor producing an in. iet -ordi-g;^ having a f.uoropolymer 
layer formed on the surface of a nozzle for jetting an ,nk compnses the steps of. 
a) preparing a solution of a fluoropolymer dissolved in a solvent 

,„ the surface ol ih, nozzle should be el least 90 cohesive lo,ce. 

ShV^:rt:renr.rrii:Te^= vrri^^L^^ . adhesion is 
-r';;ri;rr=":^^^^^^^^ 

resistance, chemical resistance and weather J .™ ^^^^^^,3 only the film strength is low. 

described above, only powder coating can a copolymer of a solvent-soluble 

but also the adhesion at the interface "^^^^J'^ '^J;.;^^^ side chain have 

polymer with a fluoropolymer and a synthetic polymer having a =P^^'^' fiuoropolymers and are 
become prepared. Since these polymers can ma.nta.n propert.es ^^^^J ^o-e^^^^^^^^^^ P^,y ^^^^^ 

soluble in a solvent, a smooth surface free from a P'"^°f ^^^^f ^ substrate derived from the film 
attain a film strength and a bonding strength ^^^^^^^'^^J^^^^^^ 

strength, it is indispensable for the -^^'^^ular we.gM to be ,nc eased P-^^^p fluoropolymer is 

in order to form a fluoropolymer layer also w.thm a no zle^ Vl "3 1^ concentration, the solution be 
dissolved in a solvent having a suitable vapor ^'^I'^^J 3^'^^''^^^^^^^ cannot be bonded to 

coated on a nozzle plate isolated as a part through d.pp,ng. ^^^^^^ll^'^^^^^^ ,,,,3, on the reverse 
an ink iet recording head without ---'"Sj^^^^S^J^^^^^^^^^^^ LTno, fe plate serves as an ink passage, 
surface of the nozzle plate. Further, when the '^^^^^^^^^^^^^^^^ '^^^^^ ^ bubbles formed within the ink 
rn7:Termer:;r^^^^^^^^ ^V..philic tor preventing a 

lowering in the capability of discharging bubbles. 



40 Example D1 



„eans 0, a PZT ele™n, o, '^„''^™tn to, an f"' passage. NLetal 4 designates a 

' sudace o. a 

comprising a polysulfone resin prior to the ^i^"* f^^Vi^r fluoro^^^^ having a suitable 

,0 (manufactured by De Pont (E.l.) de Neryours & ^^^'^^-^'^^rplate crjri?^^^^^^ polysulfone resin through 
vapor pressure and coated on the whole surface ."?^!';P'^,'.;,°';3P^^^ be suitably selected, in this 
dipping. Although the concentration of the '°'^'''>'' ^^^''^l^Va^^^^^^^^ of 1 % by weight at a rate 
example, Ihe nozzle plate was P""f ^;;P;- ^ ^ 0° fo m a'o 1 rml^^^^ iay- of "Teflon AF". 

of 10 cm/min, and the coating was dried at 120 O to lorm a ^^^^^ 

The observation under a microscope has , ^^J^^^^^ Iter repellency. Further, it 

r=;hrre Z:rrS^:X ..S-Vthe nozz. mVrepellent could be homoge- 



neously conducted. 
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use ^iLMnf"" ' l"^^ ^^-^^se surface of the nozzle plate was ground througf, the 

use of a lapping paper. Suitable grinding conditions may be selected In this examniP To n LT 
conducted by a method wherein use is made of a lapping^aper of i com^ 

5 nd the f r^ln ' ' " '''''' '"'^'^''"^ water, and the surface of the f uoSyme 

s and he lappmg paper are mutually rotated. Since the control of the flatness of the surface is relate!/ easv 
no fluoropolymer layer within the nozzle is not removed and the water repellency o^ t e sTr^Te of the 
nozzle ,s main a,ned. In the polysulfone resin per se as well, the slightly ground surface 22 is a^t suiac 
having a suitable surface roughness and has an improved wettabNity w5h an ink If nece sary i^l also 
possible to conduct a treatment for rendering the surface hydrophNic. The nozz e olSe subacid to « 

washed and dried, and a solvent was coated thereon. The nozzle plate and the first substrate were 
ubiected o pressure bonding at temperature of SO'C to assemble an ink jet recording head TheleSe 

ZVX'! '''''''' ' 9°°^ ^"^"^'"S P-P-^i a large adhesion 

rnnH ! H A '^'^T^ '""^ '""""'^d °" ^ ^ec°^d'"9 device, and a setting test was 

1 dve ink a 70 • c 7or Tl ' Z ^^'^^"^^P^''^"'- ink jet recording head was immersed in 
1? Th « ""^ ^ ''"'"9 conducted in the same manner as that described 

above. The setting quality was the same as the initial property. That is. the recording head «ned a 
suHicient ink repellency. A rubbing test was conducted through the use of a silicone rubberlirinS a 

feco dina hVadloo 'LVT "^"''"^ '''' '° '''' ^ after rZng h 

recording head 5000 times. Thus, an ink jet recording head which gives rise to substantially no deterioration 
Of the water repellency and can provide a high setting quality for a long period of time could be relnzed 

Example D2 

Fig 4 is a typical cross-sectional view of an embodiment of an ink jet recording head Numeral 1 

means of a PZT element or a heating element. Numeral 2 designates an ink jet nozzle Numeral J 
designates a first substrate provided with a pattern groove for an ink passage. N Ira ilLe iqn^s I 

rg:r:rL"pi:."^^^^^ " "-^^ --'^ - - the^the^zraS 

Fig. 5 is a typical cross-sectional view showing the step of a treatment for rendering the surface of a 
nozzle water-repellent. Fig. 5 (a) is an enlarged view of the vicinity of a nozzle in a nozzle Se co^prista 

! 0 ^uriace o a nSzTe r. '"'"^ ' ''''' '''''''' ^-'^'^ °" 

solmion and L fil- th ^ T"""^ ''^^'"9- '^"^°"9'^ '^^ concentration of the 

frn^rJi ? !. ' '""''^'y "^''^ ^><^^Ple. "o^^'e plate was pulled up 

80- C 0 tm a'o?,' TTT" °' ' '° "^'^'^ ^' ^ ^^'^ °' ^ 'he coating was Z at 

180 C to form a 0.1 um-thick polymer layer of "CYTOP CTX". The observation under a mfcroscooe has 

iTt IT ITS' r: T T '"^ ^ ''^^ coZ nTo 

InH. r 'u repellency. Further, it was also confirmed that the treatment for 

rendering the inside of the nozzle ink-repellent could be homogeneously conducted 

use of a'la'?oifa° oLlT rnf ^''"^'^ '"^^"^^ °' P'^*^ 9^°""^ through the 

conducted bv a mS' h "^'^ ''^ ^^'^ ^'<^"^P'^- grinding was 

conducted by a method wherein use is made of a lapping paper of #2000 comprising a diamond powder as 

nd the'Z?' • ' ' °' '''''' ^'^"^ '"'^^''"9 ^^^^ -rfac'e of the fluoZlyme 

and he lapping paper are mutually rotated. Since the control of the flatness of the surface is relative^, easy 
no fluoropolymer layer within the nozzle is not removed and the water repellency of the surface of the 

h^a^ving L'STuHa'c?' T''"'"'' " " ^"'^^"^ ^rou'nd surface 22 is a fS surf 

T 1 f ^"'^ ""P^"^^"^ '° 2" Adhesive. Fig. 5 (d) shows a state 

e elen T.VZisZT '° ''^ above-described treatment for rendering the surface wa^tl! 

repe Men and a first substrate comprising a polycarbonate resin are washed, dried and then bonded to each 
other with an adhesive. It ,s apparent that a satisfactory bonding strength is obtained 

rnJ , 'Tr' ^^^^ P'°'^"'^^ °" « recording device,' and a setting test was 

conduced. As a result, neither omission of dot nor disturbance of setting occurred. That is i w s con irmed 

dye i::; 'T^' water-repenen,. Then, the ink jet recording head was" rn^ed 

JZl Th ,?• . '"'^ ' '^"'"9 '^'^ '""^"^'^'^ the same manner as that described 

above. The setting quality was the same as .he initial property. That is. .he recording head maintaTned a 
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Example D3 



70 



75 



A PO>V^e. - an e.v.ene .^^^^^^^^^^^ \ 
suitable vapor P'«=^"^«;^,f™^^ solution and the film thickness can be suitably 
polyethersul one f f ^^S^ p'^ wa puSed up from a solution having a concentration of 0.1 % by 
-selected, in this example, the nozzle plate was pu b v ^m-thick fluoropolymer 

„ a .a,. ^ 20 ;"^™rLT.*^^^^^^^^^ SrH 1" »as v.„ d»» .n. 

,„t,. ™, *^;»f °" '„""„^^^^^^ ,0 ,M is. a high wate, ..pelle™,. Further, « 

mounted on a recording device, and a ^^zzle was successfully rendered water- 

disturbance of setting occurred. That is. .t was confirmed ^^^^t the "o^zz.e y ^ 

repellent. Then, the ink jet recording head was ^'f ^^^^ was the same as the 

test was conducted in the same manner as that /'^^J^ -J^^ .,',f '^^^^^^^^^^^^ A rubbing test was 

prolongation of the service life of the recording head. 



40 
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'CaC SSS o. a .I.0.OPO,,™, «sso,.«. in a sown, on ,h. «hote surtaco o, ,h. noz.„ p.a» by 

'rSo-ing me .esis, ,a,., and « »uo,opo„n,o, .av.. on ,ha -a-ors, sodac s,d. o. ma noz.la pla.a 
by means of a resist peeling solution; and 

f) bonding the nozzle plate to an ink jet recording head ^ 
,n the treatment for rendering the surface of the nozzle '"'^P^^f ^..^l^^.f "^^3°"^^^^^^^ so small 
,0 the surlace of the nozzle should be at least 90-. ^'-^'[^ll^^^^^^^ 

that it is indispensable to introduce fluorine having ^'^^^''^'^''^^'l^^^^^^^ high adhesion is 

Further, in the treatment for lendering the surlace of the nozzle water .epellent. g 
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separately required from the viewpoint of use. 

The fluoropolymer represented by polyethylene telrafluoride has excellent features such as hP.t 

sZrlTlTJT '\^^ ' ^*^^"9th and a bonding strength between the a Zhe 

r ~onh:°r ^ '""^ ' ""'"'-'-'^^ - '-eased p -ol^ 

in order to homogeneously form a fluoropolymer layer also within a nozzle, if is necessary that after a 
fluoropolymer ,s dissolved in a solvent having a suitable vapor pressure to a relative low conM^^^^ 

bonded to an mk ,et recording head without removing through grinding the fluoropolymer layer foS on 
the reverse surface of the nozzle plate. Further, when the reverse surface of the nozzle plate se^ras an 
in passage the presence of the fluoropolymer polymer is detrimental to the discharge o tibbles ormed 
within he in and it becomes impossible to conduct a treatment for rendering the surface hyd«^ 
preventing a lowering in the capability of discharging bubbles nyarophilic for 

The above object can be attained by forming a resist only on the reverse surface of the nozzle plate 
and removing the fluoropolymer layer together with the resist layer through the use of a resit pee ina 
in thTthe a^' ;s usually patterned by exposure through a photomask, t'is method ^ 
-n that the alignment is troublesome, which is causative of a lowering in the yield When use is made of an 
exposure method which comprises coating a positive-working resist on at least th^ everse 1^ 071 
trJo? — ^ °' the plate and irradiating the nozzfe pirf!om the suiace 

thereof, patterning is automatically conducted and it becomes unnecessary to use the photomaTk 

Example El 

Fig. 1 is a typical cross-sectional view of an embodiment of an ink jet recording head Numeral 1 

me?n: oT: TzTzztt t:' ^ ^ ^^^^^^^^ --^ i^o'T^z^^, 

means of a PZT element or a heating element. Numeral 2 designates an ink jet nozzle Numeral 3 
designates a first substrate provided with a pattern groove for an L passage. N 1 a, 4 de^ai a 
nozzle plate. An ink passage is formed by laminating both members on top of the other 
nnJf ^" ^ '^^!'^' "'^^ s'^P °' a treatment for rendering the surface of a 

romn ''^^ ' ^"'^^^^^ ^'^^ °' '^e vicinity Of the nozzle fn a nozS P^te 

comprising a polysulfone resin prior to the treatment. Fig. 6 (b) shows a state obtained when the reverse 

tht'o!ebar.H7f' °' ^P'"--^^^ -'^ ^ positive-w ki; res s ch 

w",r , H T f "'"^ ''9- ^ '^^ ^'^P °' '^^^di^'ing the nozzle plate fror^ the 

with a light from a mercury lamp. It is a matter of course that the nozzle plate may be sandwLed 
between two sheets of glass sheets. Fig. 6 (d) shows a state obtained when the exposed nozi p^e is 
^ozztSe ' '° - surfte'of the 

is dissolveJln ' ("^^""t^^'^^^d by De Pont (E.I.) de Nemours & Co) 
IS d ssolved m a fluorocarbon solvent having a suitable vapor pressure and coated through dipping on the 

and L ft",K 'If" ' '^"^-Sh the concentration of the'soTut on 

soTu, nn h '"''^'^ "^'^ ^"^'"P'^- '^^ P'ate was pulled up from a 

r20-C to form n^r^'TiI T °' / ^ "'^ °' '^e coat^lig was dried at 

10 wa te? th , c ° h nh . "'i! '''' homogeneous. The film had a contact angle of no- 

lo water that IS, a high water repellency. Further, it was confirmed that the treatment for renderino the 
^n^: ^iisnl'trff"' T ^-^^-eously conduced. Fig. 6 (f) shows a staroS ed 
as .."her oraTesrpL^^^ °" ^^^^ °' '^^ P'- - -o-d 

The fluoropolymer layer in the inside of ihe nozzle and on the surface of the nozzle plate were not 
removed and the effect of ,he treatment for rendering the In the inside of the nozzle and on h^surf ce o 
-he nozzle pla.e wa.er-repellent was mainlained. A polysulfone resin was exposed on the revelse sulce of 
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•» ic alen nnqsible to conduct a treatment for rendering the surface 
the nozzle plate. If '^^^^'^^'^ ' Jl'lf.^ 

hydrophilic. The nozzle plate subjected to a f ^^^'"^"^ coated thereon. The nozzle 

plate comprising a po.ysulfone -^^/.f/^^^^^^^^^^ cement to assemble an ink jet 
^arr fererr^r .o.. ..Us.o. because it had not been 

subjected to the -^^--^^^^^^^^^^^^ rmTont recording device, and a setting test was 

above.The-setting-.qualit.y- was the-sam. as ^^-'"'^'XouQMh^^^^^^^ a silicon^ ubber while injecting a 

E xample E2 

means of a PZT element or a heating element. Numeral ^ ^^^^^'f^'^^^^;; '"^ 32 designates a 

nozzle -ater-repellent. F,g^ 7 <J '^ ^^J^ "^^^^^^ ',hen a positive-working resist is formed 

nickel prior to the treatment. Fig. 7 (b) shows ^ < ^he nozzle and prebaked to 

through dip coating on the w- e ^ ^^^^^^^^^^ ^p^^ ' jrdX'ti^no^Jz.e plate from the surface with the 
form a resist layer 21. Fig. / {c) snows ui« ^ mercury lamp. Fig. 7 

reverse suHace being light-shielded by means of a metal plate 22 wrth^ l.ght f«^m a y P^^^^.^^ 

,d) Shows a state ^^'^^^^^^^^^^ 
sufficiently rinsed POSt-baked to feave the res,s, laye^ ^.^^^^^^^ ^ 

that the nozzle was successfully rendered -^t^^'^^P^''^"'- J^^,""' '"J Ltme manner as that described 
a dye ink at 70-C for 5 days, and a setting test wa ^^"^^fj^' '"/^^^'.f ^^^^^^^^ head maintained a 
above. The setting quality was the same as the 'n'^^' P -P^JV^^^J;^; Silicone ubber while injecting a 
so sufficient ink repellency. A rubbing test 7f^^7'i"'^^.^^;';°3^f ?Oo or more after rubbing the 
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dissolved in a solvent having a suitable vapor pressure, and the solution was coated on the nozzle olate 
hrough d.pp,ng Although the concentration of the solution and the film thickness ct be s^tab slS^^^^ 

nhJ j on T ^ '^"^'^ '° ^"^-^ ^ um-thick fluoropolymer layer The 

TZTh T Z "^^ '^^'^ -e^y dense and Zogeneous 

The film had a h.gh contact angle of 100' to water, that is. a high water repellency Further Twas^kn 

A first substrate comprising a polyethersulfone resin and the nozzle plate subjected to the surface 
reatr^ent were washed and dried and then bonded to each other by means of an adhLivrtape The ink iet 
recording head thus produced was mounted on a recording device, and a setting test was Suited L a 
result, neither omission of dot nor disturbance of setting occurred. That is. it was confirr^ed Z the nozzle 

at 70 C fo 5 days, and a setting test was conducted in the same manner as that described above The 
setting qual.y was the same as the initial property. That is. the recording head ma maTned fsufficLnt^Jk 
repellency A rubbing test was conducted through the use of a silicone rubber while in e t ng a p g^i^ 

Sad SOO^timas Th T '''' '° ^ rubbinVth^recorg 

waSr Inpn H ' ' '""'^ ^'^'^'^ '° Substantially no deterioration of S 

The ntri ' T ' '^"^'''y ^ P^^'^'^ °' ^i'^e could be realized 

The present invention was described above with reference to examples. Iviaterials used in the ink let 
recording head and structures of the ink jet recording head and the kind of the fluoropolymer lay"the 
positive-working layer may be varied and are not particularly limited. Further there is no oTrticSr im»l 
on the solvent for the fluoropolymer and the coating method ^ 
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fluoropolymer on the whole surface of a nozzle plate through dipping, forming a protective layer 1 least 
a^elrgte l^er ^ ^""^^ °' ^° ^ ^ ^ S 

In the treatment for rendering the surface of the nozzle water-repellent, since the contact angle of water 
to the surface of the nozzle should be at least 90". preferably at least 100-. the polarizabil^y i so Tma 
that ,t IS indispensable to introduce fluorine having a remarkably small Inter-molecular le lve forJ 
Further. ,n the treatment for rendering the surface of the nozzle water-repellent, a high adhesionTs 
separately required from the viewpoint of use. ^ aonesion is 

The fluoropolymer represented by polyethylene tetrafluoride has excellent features such as heat 
ZIT. ^^-^'^^'/-'^'-^ -ather resistance. It, however, is insoluble in a so ent so hat a 
descr bed above, only powder coating can be applied thereto. Therefore, not only the film strength is low 
bu also the adhesion at the interface is remarkably low. In recent years, a copolymer of a 52^-^01 bte 
polymer with a fk^oropolymer and a synthetic polymer having a special fluorine chaining s dech in ave 
become prepared. Since these polymers can maintain properties of the conventional fluoropo ymersTnd a e 
0 ubie in a solvent, a smooth surface free from a pinhole can be easily prepared by coating In order o 

str o,h " 7''' 'k? f '^^ ^^ate derived from th Im 

strength. It is indispensable for the molecular weight to be increased prior to the formation of the film 

In 0 der to homogeneously form a fFuoropolymer layer also within a nozzle, it is necessary that after a 

oTuZ r'colf '"i' ' ""^^'^ P^^^^"- *° ^ low concenSon 'he 

bonlrf ,n . ! ? ' ' ' ^'PPi"9. Further, the nozzle plate cannot be 

bonded to an ink jet recording head without removing through grinding the fluoropolymer layer foLed on 
the reverse surface of the nozzle plate. Further, when the reverse surface of the nozzle plate se vT as an 

within he ink and it becomes impossible to conduct a treatment for rendering the surface hydrophillc for 
preventing a lowenng in the capability of discharging bubbles nyarophiiic for 

in this connection, it is noted that, in the step of grinding, when the fluoropolymer layer is not protected 
the f uoropolymer layer is flawed by an abrasive material or a fraction of the g^und substrate so that an fnk 
for r T f ""'^^"^''^ 9ives rise ,0 an unacceptable setting quX , s p'e e" 

for the protective layer to be formed on the surface of .he nozzle and within the nozzle. Howe e H rj 
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di«-,cuu to for. anotHer layer on a .uoropoly^e. .ayer .a.n e ent ^ ^ ^J^l:^S, 

according to a simple method. »he nozze cor^^^^^^^^^^ 'otThe surface of the nozzle is not 

easily formed within the nozzle. In '"^^'^^'^^^l^^^^^^^^ support and a protective layer is 

always necessary when the surface of the polymer soluble in a solvent which 

rs^TT^c^^^^^^^^^^^ - - ~ °' 

fluoropolymer as well can be maintained. 
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Pig. 1 is a typical cross-sectional view of a" J— ^ 
designates a pressure chamber which .s a P°^'°" -.nk jet nozzle. Numeral 3 

r^"\t:?a fifj firr:Ue. fera. . designees a 

rzr rate^ri^P^Sre rs formed by laminating b.h ^1:^^^;:^;,^, ,e surface of a 
Fig. 8 is a typical cross-sectional v,ew show.ng the j' ^^^^^^" ^^^^.^^^^ 3 nozzle plate 
nozzle water-repellent. Fig. 8 (a) 'V?.'Slnt Rq 8 b) s"ow a state obtained when "Teflon AF" 
comprising a polysulfone ^ J^olved Ta f uorocarbon solvent having a suitable 

(manufactured by De Pont (E.I.) de Nernours & ^o) d'sso vea polysulfone resin through 

vapor pressure and coated on the whole surface be suLbly selected, in this 

dipping. Although the concentration of the solut.on and J^^ f ^'"^^^^^^^^^ , % by weight at a rate 
exampl, the nozzle plate was ^^^^^^^^^^^^^^^^^^^^ layJr of 'Teflon AF". 

of 10 cm/min. and the coat.ng the formed thin film was very dense and 

The observation under ^J"^'^^^^^^^^ oTuTxo lieu that is. a high water repellency. Further, it 
rXfr:.!- ^'tLTtr r::^,; the mside Of the nozzle in.repe.lent could be homoge- 

"^°pt sTcTstots a state Obtained when a P-resist ha.ng ^^2:^^^:^ 

and baked without exposure. Although "° ^^-^^S^^^^I^J^^f Z is attacked by a solvent for a 

, was formed at least within the nozzle. The P°.'y.^^'^°"J,;^^^";,;^3,''^3'ormed no deterioration occurred, 
photoresist. Since, however, a dense film '=°-P^'79 ^.J^^^^^^^-;,"^, 3 p.^e i s ground through the use of 
F,g. 8 (d) shows a state obtained when the ^Xfe the grinding was conducted 

a tapping paper. Suitable ^^^^'^^ condi.ons^^ "ompri:rnTr dia-^^^ POwder as a grinding 

by a method wherein use is made of a lapping paper ot i^e^"" ^ « fluoropolymer and the 

,a agent, a load o. 20 g/cm^ is applied while -lecting ^vvater and ^^^^^^^^ .he'nozzle were not 

lapping paper are mutually rotated. ^ ^^'^^^^ X"--^ ^"^''^ 

ground but maintained as they were. In the P^'V^^''^"^/^^'" ' .^ ^^^^ wettability with an ink. If 

appeared on the surface of the nozzle. ^^^orinn thP <?urface water-repellent and a first plate 

'%he nozzle plate subjected to a ^-atment for rendenng t suriace ate^ ^^^^ ^^^^^^ ^^^^^ 

comprising a polysulfone res.n were washed and ^/ f ' ^"f " ,^^3^3,^ to assemble an ink jet recording 

- Te^Trre^r tre nrzr^rrhrd^e:^^^^^^^^^^^^^^^^ a good working property and a 

'^^hlTnk recording head thus produced --^--^ofVe^r oc^^^^^^^^^^^ 

conducted. As a result, neither omission of dot nor ^-t-bance 0 s U^^^^^ o^^^^^^^^^ .^^^ .^^^^^^^ 

50 that the nozzle was successfully rendered ^-^^'ZT^J^^c^^^^^^^^ n t e same manner as that described 
a dye ink at 70-C for 5 days, and a setting test ^^^ording head maintained a 

above. The setting quality was the same as the P J^^^ J'^^Vol a si. cone rubber while injecting a 
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F.g. 4 >s a typical cross-sectional view of an embodiment of an ink jet recording head Rq 4 (a) Is an 
enlarged v,ew of the v,c,n,ty of the nozzle in a nozzle plate comprising nickel prior ?o the tre^menf Fin 4 
5 b) Shows a state obtamed when "CYTOP" (manufactured by AsahT Glass Co Ltd ) is diSolved in a 
fluorocarbon solvent having a suitable vapor pressure and coated on the whole surface of 7^^^ 11 
compnsing nickel through dipping. Although the concentration of the solution a^d he i^^ ? ickne an be 
To/'V;S r ' TTl' ''''' ''''' ^ ^°'"«°" having a concen^^^^^^^^^^ 

-0 o-ymV? ayer 0 "?noTc?^"^^^^^^^^^ T '''' '^'''"^ '° ^ um-thick 

polymer layer of CYTOP CTX . The observation under a microscope has revealed that the formed thin film 

was very dense and homogeneous. The film had a high contact angle of 105' to water that is a hioh wa e^ 
repe tenc7:-Funilgr;-1t-was-als-o confirmed that tti-e-tfeatment for renderi/rg- the Tn^e oHhe nozzle fn^ 
repellent could be homogeneously conducted. ^ 

, rr,Jj^' " l'*'*^ d'«°'ved in acetone and the solution is 

5 coa ed several times through dipping to form a coating which is then dried. Although no homotneoJs 

sta?ohr ?'H'"'r'' ' ''''''''' ^» '-^t -^►'i" nozze 4 JshoTs a 

?ut^e oSin: c^ndT^ 'k'"' °* ^^-"^^ °' ' lapping pape.' 

Suitable gnnding conditions may be selected. In this example, the grinding was conducted bv a method 

. oT^o'STs lire? °' ^ ^'^-"^ P-^- - ^ gent a 

m, 1!..^^ , . ^ ' '"'^'""3 surface of the fluoropolymer and the lapping paper are 

mutually rotated The fluoropolymer layer and protective layer within the nozzle could be mJrSled as hev 
were without being ground. In the nickel per se as well, the slightly ground surface 22 i a Tat surface 
having a suitable surface roughness and has an improved adhesion to an adheL « necessar! it Is also 
poss.b e to conduct a treatment for rendering the surface hydrophilic. Fig. 4 (el sho^a state ob ained° 
. when the nozzle plate is exposed to an ultrasonic wave and the acrylic resin as the prote te tve is 
removed. A smooth fluoropolymer layer free from a flaw caused by grinding appeared onrsurfacfor.h: 

. fr?' I ? f ' ''^'^ "^'^'"'"^ "'^ P'^*^ s"t.jecfed to the above-described treatment and 
a f^rst substrate compnsing a polycarbonate resin washed and dried and then bonded to each othe^ w h 
adhesive. A satisfactory bonding strength is obtained. 

The ink jet recording head thus produced was mounted on a recording device and a settinn i«f 
conducted. As a result, neither omission of dot nor disturbance of setting ocLr eTTha s i w "^^^^^^^^ 

dye nk°?7o"? rsT"' 'T"' ^^^^^-P^"-'- Jet recording head wa'mmer ed 

a dye ink at 70 C for 5 days, and a setting test was conducted in the same manner as that described 

TuZln^ J l ^'-^ recording head InSned a 

sutfic em ink repellency. A rubbing test was conducted through the use of a silicone rubber while iSng a 

eco ing hVadloo rnVsT' '''' ^^'^^ '''' ^ after r bbing he 

recording head 5000 times. Thus, an ink jet recording head which gives rise to substantially no deterioration 
Of the water repellency and can provide a high setting quality for a long period of time could be Snzed 

Example F3 

suita''bl^'Snn°'^"''' °' '^'^^""°"de/vinyl ester copolymer was dissolved In a solvent having a 

diooino AHho Tr"- °" ' P'^^^ ^^-^P^'s'^g stainless steel through 

dipping. Mhough the concentration of the solution and the film thickness can be suitably selected in this 

ohi? ff"^'"-/"^ <^°^""9 <^"ed at 120-C to form a 0.02 um-thick fluoropolymer layer The 

? f m h^dfhLhrrr ^";"nn''' '""^"^ '"^ homoge eous 

ihe film had a high contact angle of 100' to water, that is, a high water repellency Further it was ai<,n 

ZlZV ^^"^^^'"^ '"^'^^ in^-Pe.lent cou^ be homieneous; 

PVA (polyvinyl alcohol) was dissolved in dioxane. and the coating was conducted The resultant coatino 

Th^ e"o rPV^rrr T ''^ ^^^"^^"9 tastnltd 

me use of a PVA gnnding stone under suitable conditions io remove a fluoropolymer polymer formed on 
55 he reverse sur ace of the nozzle plate. The nozzle plate was immersed in diLane and hrl^e 
exposed to an ultrasonic wave to remove the protective layer comprising PVA 

h^c^-^'h' '"f"'"^ comprising a polyethersulfone resin and the nozzle plate subjected to Ihe above- 
descrihed surface trea.men. were washed and dried and .hen boncted to each o.ier by means o, an 
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adhesive tape in the same manner as that of Example 2 to assemble an ink jet recording head^ ^he 'nk jet 

setting qoaniy ■» „„rt„eiml ihrouoti me use ot a silicone rubber while iniecling a pigment ink. 

tead S't nfes Thus, an ink iel recording head which gi.es rise to substantial!, no detenoration ol the 

~=t=rde's:;rrj:rrer,?:^^^^^^^^^ 

rir r suXVJtS :r'rr.:nrnd're ra=rn™:rrt:.ht 

ZT:rX:i^Z'Z"L°'^.l^ J.^.^,^ ^ —s ,or coding and 

75 grinding. 



Embodiment G 



In the process according to this embodiment, an ink jet recording head comprising a fluoropolyrner 

' r i;;£ ro^rH srenrVeUr :ri%crL=sr andt-rr.: 

■ LrK wlinSb^ S introduce Iluorine having a remarkabl, small inwr-molecular cohesive orc.^ 
' pier irite Snin, lor lendering the sudace o, the nozzle watet-repellent. . high adhesion ,s 

"^r;r;vrr:p'retrrb: "pS,e.hv.ene tetra„uor,de has 

'"° ™ wafe' s^uS^lpread ™m o. a .,uo,opol,iner has a su.llcien, .ilm strength. A sulflcient .i« strength 
can ob^eClransirrln, . water suHeoe spread tlln, o. a '''-;<^^ZL°:ZT.S:J ,::^T. 

" -,oXrn^rs=^r::zzL=^^^^^^^^ 

the ink repellency. 
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Example G1 

Fig 10 is a schematic view o. an ink jet recording head. Numeral 101 designates a PJf!^-^ ^^J*;^; 
which is a portion .or obtaining a pressure used in the ejection o. ' 
heating element. Numeral 102 designates an ink passage, and numeral 103 des.gnates an .nk jet nozzle. 
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Fig. 11 IS a typical cross-sectional view showing the step of treatment for rendering the surface of a 
nozzle water-repellent. Fig. ii (a) shows a state obtained when "Teflon AF" (manufactured by De Pont 
(E. .) de Nemours & Co) is dissolved in a fluorocarbon solvent and the solution Is spread on the surface of 
water Although the concentration of the solution and the amount of dropping of the solution can be suitably 
> selected, .n this example, a solution having a concentration of 0.05 % by weight was prepared, the amount 
of solution capable of forming a 0.1 um-thick polymer layer of "Teflon AF" was calculated, and the solution 
.n the determmed amount was dropped on the surface of water. Fig. li (b) shows a state obtained when the 
surface of a nozzle comprising an acrylic resin is brought into contact with the water surface spread film of 
a f uoropolymer formed by evaporating the fluorocarbon solvent. It is not always necessary that the surface 

0 of the nozzle be brought into contact with the surface of water in a parallel manner, and the surface of the 
nozzle may be brought into contact with the surface of water in a slightly inclined stale. Further, the nozzle 
may be submerged into the water to some extent. Fig. 11 (c) shows a state obtained when a nozzle is 
pu led up from the surface of water to transfer a water surface spread film of a fluoropolymer to the surface 
QT ine nozzie. 

1 Fig. 12 is an enlarged view of the nozzle portion for jetting an ink shown in Fig. 11 (c) When the 
surface of the nozzle was brought into contact with the surface of water, the water surface spread film of a 
fluoropolymer was transferred to the surface of the nozzle only at a portion which had been brought into 
contact w,th the water surface spread film and the water surface spread film positioned at the hole of the 
nozzle was left as it was on the surface of water. The transferred film was heat-treated at 150' C for one 

I hour, and then observed under a microscope. As a result, it was confirmed that the formed thin film was 
very dense and homogeneous. The film had a contact angle of 100' to water, that is. a high water 
repellency. Further, it was confirmed that the inside of the nozzle was subjected to no treatment for 
rendering it water-repellent. 

The ink jet recording head thus produced was mounted on a recording device, and a setting test was 
coriducted. As a result, neither omission of dot nor disturbance of setting occurred. That is, it was confirmed 
that the nozzle was successfully rendered water-repellent. Then, the ink jet recording head was immersed In 
a aye ink at 70-C for 5 days, and a setting test was conducted in the same manner as that described 
above. The setting quality was the same as the initial property. That is, the recording head maintained a 
sufficient ink repellency. A rubbing test was conducted through the use of a silicone rubber while Injecting a 
dye ink. As a result, the contact angle of the recording head to water was 100' or more after rubbing the 
recording head 5000 times. Thus, an ink jet recording head which gives rise to substantially no deterioration 
of the water repellency and can provide a high setting quality for a long period of time could be realized. 

Example G2 

Fig. 4 is a typical cross-sectional view of an embodiment of an ink jet recording head Numeral 1 
designates a pressure chamber which is a portion for obtaining a pressure used in the ejection of an ink by 
means of a PZT element or a heating element. Numeral 3 designates an ink jet nozzle. Numeral 31 
designates a first substrate provided with a pattern groove for an ink passage. Numeral 32 designates a 
second substrate. An ink passage is formed by laminating both members on top of the other. Numeral 33 
designates a nozzle plate. Fig. 13 is a typical cross-sectional views showing the steps of rendering the 
surface of a nozzle water-repellent. Fig. 13 (a) is an enlarged view of the vicinity of a nozzle in a nozzle 
plate 43 compnsing nickel prior to the treatment. Fig. 13 (b) is shows a state obtained when "CYTOP" 
(manufactured by Asahi Glass Co., Ltd.) is dissolved in a fluorocarbon solvent, the solution is spread on the 
surface of water, a 0.05 um-thick water surface spread film 31 of a fluoropolymer formed on the surface of 
water is transferred on the surface of a nozzle plate and the transferred film is heat-treated at 180' C for one 
hour. The observation of the thin film under a microscope has revealed that the formed thin film was very 
dense and homogeneous. The film had a contact angle of 108- C to water, that is. a high water repellency 
Further. If was confirmed that the inside of the nozzle was subjected to no treatment for rendering it water- 
repellent. Fig. 13 (c) shows a state obtained when the nozzle plate subjected to the above-described surface 
treatment lor rendering the surface of the nozzle water-repellent and a first substrate 52 comprising a 
polycarbonate resin are washed and dried and then bonded to each other with an adhesive 51 

The ink ,et recording head thus produced was mounted on a recording device, and a setting test was 
coriducted. As a result, neither omission of dot nor disturbance of setting occurred. That is, il was confirmed 
that the nozzle was successfully rendered water-repellent. Then, the Inkjet recording head was immersed in 
a dye ink at 70-C lor 5 days, and a setting lest was conducted in the same manner as that described 
above. The setting quality was the same as the initial property. That is, the recording head maintained a 
sullicient ink repellency. A rubbing lest was conducted through the use ol a silicone rubber while injecting a 
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dye ink. As a result, the contact angle of the recording head to water was 100' or more atter rubbing the 
recording head 5000 times. Thus, an ink jet recording head which gives rise to substantial y no deterioration 
of the water repellency and can provide a high setting quality for a long period of time could be realized. 

5 Example G3 

A hiah polymer of a diperfluoroalkyi fumarate/dialkyi fumarate copolymer was dissolved in a fluorocar- 
bon solvent, and the solution was spread on the surface of water. The resultant ^^^'^ ^^'l^^'^'J^^^^ 
fluoropolymer having a thickness of 0.01 um was transferred on the surface of a nozzle m the ^ame manner 
as that of Example 1 . The above step of transfer was additionally repeated twice, and the resultant f Irn was 
heat-treated at >20-C for -one-hour. -The observation- of the thin film-under a microscope has revealed ha 
he formtd thin film was very dense and homogeneous. The film had a contact angle of 105' to water, that 
is. a high water repellency. Further, it was confirmed that the inside of the nozzle was subjected to 
substantially no treatment for rendering it water-repellent. ^. ^ . ^ wa<: 

The ink jet recording head thus produced was mounted on a recording device, and a setting test was 
conducted As a result, neither omission of dot nor disturbance of setting occurred. That is, it was confirrned 
that the nozzle was successfully rendered water-repellent. Then, the ink jet recording head 
a pigment ink at TO'C for 5 days, and a setting test was conducted in the same manner as that descnbed 
above The setting quality was the same as the initial property. That is. the recording head maintained a 

" ""'fr"uUbTnrtS was conducted through the use of a silicone rubber while injecting a pigment ink. As a 
result the contact angle of the recording head to water was 95' or more after rubbing the recording head 
5000 times Thus, an ink jet recording head which gives rise to substantially no deterioration of the water 
repellency and can provide a high setting quality for a long period of time could be rea ized. 

The present invention was described above with reference to examples. Materials used n the ink jet 
recording head and structures of the ink jet recording head and the kind of the fluoropolymer layer formed 
on the surface of the nozzle may be varied and are not particularly limited. 
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In the present embodiment, a LB film of a fluoropolymer is formed on the surface of a nozzle for jetting 
an ink. The LB film is formed through the use of a polydiperfluoroalkyi fumarate or its copolymer as a 

"""in'thrprocess according to the present embodiment, a LB film is formed ^V.^P^f^^-^. ^ ^^'^^r;" ^Vj 
35 fluoropolymer dissolved in a solvent on the surface of water, evaporating the solvent, moving a barner to 
!orra Langmuir film from the resultant spread film and forming a LB film of a fluoropolymer on the surface 
of a nozzle by a horizontal deposition nnethod. 

in the treatment for rendering the surface of the nozzle water-repellent, since the '^^"'^^^Vr'^o 
to the surface of the nozzle should be at least 90' , preferably at least 100' , the polar.zability is so small 
.0 a^^tt is Sspensable ,0 introduce fluorine having a remarkably small '"^--^'j-'^ ^-^-^ . ^^Js 
Further, in the treatment for rendering the surface of the nozzle water-repellent, a high adhesion is 
seoaratelv required Irom the viewpoint of use. 

The loropolymer represented by polyethylene tetrafluoride has excellent features such as hea 
resistance, chemical resistance and weather resistance. It, however is insoluble « **^3^*;^^' 
.5 described above, only powder coating can be applied thereto. Therefore, not only the film strength ,s low 
but also the adhesion at the interface is remarkably low. In recent years, a copolymer of a ^o^'ent-solubl^ 
polymer with a fluoropolymer and a synthetic polymer having a special fluorine-contain.ng side ch«^ J^^^ 
become prepared. Since these polymers can maintain properties of the conventional fluoropolymers and are 
solubTe in a solvent, a smooth surface free from a pinhole can be easily prepared by coating. In order to 
so aSn a film strength and a bonding strength between the film and the substrate denved from the film 
strength it is indispensable for the molecular weight to be increased prior to the formation of the film. 

Since the LB L of a fluoropolymer is a dense film on a molecular level a very homogeneous wate 
repellent effect can be attained even when the film thickness is small. The surface ene^QV of he LB fjm of 
a fluoropolymer having a laminate structure of at least one layer ,s equal to that of a solid filnn. so tha^^a 
55 more complete ink repellency can be obtained. However, in a usual polymer, since the molecular skeleton 
^as a 4h degree of freedom the molecule is in a random coi, form. In this case, no LB ' ^ is formed^ and 
e!en when coating was conducted thick, the strength o. the resultant film is smaller than at oMhe LB 
and the homogeneity is poor due to the occurrence of interstice. By contrast, when the fluoropolymer is a 



23 



EP 0 531 535 A1 



polydiperfluoroalkyi fumarate or its copolymer, the molecule takes a rigid rod form due to a great bulk of the 
srde chain, which enables the LB film to be easily formed. 

When a LB film is formed by spreading a solution of a fluoropolymer dissolved in a solvent on the 
surface of water, evaporating the solvent, moving a barrier to form a Langmuir film from the resultant spread 

5 film and forming a LB film of a fluoropolymer on the surface of a nozzle by a horizontal deposition method, 
only a portion which has been brought into contact with the Langmuir film is rendered ink-repellent and the 
inside of the nozzle is subjected to no treatment. Even in a failure in operation, the inner diameter of the 
nozzle is merely reduced by the film thickness of the LB film, so that the LB film enters the inside of the 
nozzle by the same distance as the inner diameter of the nozzle at the maximum. The LB film of a 

10 fluoropolymer has a thickness of about 10 A per layer, while the diameter of the nozzle is about several 
tens of um. so that there occurs no problem in the practical use. 

The LB film of a fluoropolymer has a sufficient film strength. Since the LB film is formed by a horizontal 
deposition method, no layer of water or the like is present between the surface of the nozzle and the LB film 
of a fluoropolymer. so that a satisfactory bonding strength can be obtained. If possible, it is preferred for the 

75 film to be heated to a temperature not below the glass transition temperature of the fluoropolymer. 

Example H1 

Fig. 10 is a schematic view of an ink jet recording head. Numeral 101 designates a pressure chamber 
20 which is a portion for obtaining a pressure used in the ejection of an ink by means of a PZT element or a 
heating element Numeral 102 designates an ink passage, and numeral 103 designates an ink jet nozzle. 

Fig. 14 is a typical cross-sectional view showing the step of treatment for rendering the surface of a 
nozzle water-repellent. Fig. 14 (a) shows a state (224) obtained when a polydiperfluoroalkyi fumarate is 
dissolved in a fluorocarbon solvent and the solution is spread on the surface of water. 
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With respect to the concentration of the solution and the amount of dropping of solution, a preliminary 
experiment was conducted to prepare a -n-A curve, the amount of the solution necessary for forming on the 
surface of water a monomolecular layer having an area of half of the area of the surface of water was 

45 calculated, and the solution in the calculated amount was dropped on the surface of water. Fig. 14 (b) 
shows a state obtained when after evaporation of the fluorocarbon solvent, a barrier 223 is moved to form a 
Langmuir film 225 and the surface of a nozzle comprising an acrylic resin in an ink jet recording head 226 
is brought into contact with the Langmuir film. It is not always necessary that the surface of the nozzle be 
brought into' contact with the surface of water in a parallel manner, and the surface of the nozzle may be 

50 brought into contact with the surface of water in a slightly inclined state. Further, the nozzle may be 
submerged into the water to some extent. Fig. 14 (c) shows a state obtained when a nozzle is pulled up 
from the surface of water to transfer the LB film of a fluoropolymer to the surface of the nozzle. 

Fig. 15 is an enlarged view of the nozzle portion for jetting an ink shown in Fig. 14 (c). When the 
surface of the nozzle was brought into contact with the surface of water, the LB film of a fluoropolymer 231 

55 was transferred to the surface of the nozzle only at a portion which had been brought into contact with the 
LB film and the Langmuir film 225 positioned at the hole of the nozzle was left as it was on the surface of 
water. The transferred film was heat-treated at ISO'C for one hour, and then observed under a microscope. 
As a result, it was confirmed that the formed thin film was very dense and homogeneous. The film had a 
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contact angle of nO'C to water, that is. a high water repellency. Further, it was confirmed that the inside of 
the nozzle was subjected to no treatment for rendering it water-repellent 

■The ink jet recording head thus produced was mounted on a recording device and a sett.ng test was 
conducted AS a result neither omission of dot nor disturbance of setting occurred. That .s, ,t was confirmed 
hat the nozS was successfully rendered water-repellent. Then, the ink jet recording head •mmersed m 
a dye ink at 70-C for 5 days, and a setting test was conducted in the same manner as that descried 
above The setting quality was the same as the initial property. That is. the recording head mamta.ned a 
suSicient ink repeSency. A rubbing test was conducted through the use Of a silicone rubber while injecting a 
dye ink AS -a result, the contact angle of the recording head to water was 100' or more after rubbing the 
?eco ding head 5000 times. Thus, an ink jet recording head which gives rise to substantially no deterioration 
oHhe water repellency- and can provide a high setting quality for a long period-of time could be realized. 

Example H2 

Fia 4 is a typical cross-sectional view of an embodiment of an ink jet recording head. Numeral 1 
designates a pressure chamber which is a portion for obtaining a pressure used in the ejection of an in by 
me?ns of a PZT element or a heating element. Numeral 3 designates an ink jet nozzle. Numeral 31 
designates a fifst substrate provided with a pattern groove for an ink passage. Nunneral 32 designates a 
ScTd substrate. An ink passage is formed by laminating both members on top of the other. Numeral 33 

0 --;;;^^P^:;,33.33,„,,3, ,,ew showmg the step of a treatment for rendering the surface of a 

nozzle water-repellent. Fig. 13 (a) is an enlarged view of the vicinity of a nozzle in a nozzle plate compns ng 
nScef not ubjected to the treatment. Fig. 13 (b) shows a state obtained when a high Pdymer of a 
poTydiperf uoroilkyi fumarate/polydiisopropyl fumarate (4 : 1) is dissolved n a 

,s solu'tion is spread'on the surface of water, the spread film is compressed to ^^^^^a^gmuir i.m a^^^^^^^^^^^ 
film having a three-layer structure is formed on the surface of a nozzle plate and the LB fi m 'S ^eat treated 
anso - c'or one hour. The observation under a microscope has revealed that the formed thin film was very 
dense and homogeneous. The film had a contact angle of 108' to water, that is. a high water repellency. 
Further it was confirmed that the inside of the nozzle was subjected to no treatment for ^-"dering it w^r- 

30 repellent Fig 13 (c) shows a state obtained when the nozzle plate subjected to the above-described 
ueatment for' rendering the surface of the nozzle water-repellent and a first substrate comprising a 
polysulfone resin are washed and dried and then bonded to each other with an adhesive^ 

The ink let recording head thus produced was mounted on a recording device, and a setting test was 
conducted Ma eS neither omission of dot nor disturbance of setting occurred. That is. it -s con^rrned 

35 'hat the nozzle was successfully rendered water-repellent. Then, the ink jet recording head immersed in 
a dye ink at 70-C for 5 days, and a setting test was conducted in the same manner as that described 
above The setting quality was the same as the initial property. That is. the recording head maintained a 
suffSem ink repeSency. A rubbing test was conducted through the use of a silicone rubber while injectrng a 
dve^r AS a result the contact angle of the recording head to water was 100' or more after rubbing the 

.0 reco ng head 5000 times. Thus, an ink jet recording head which gives rise to substantially no de«on 
o' the water repellency and can provide a high setting quality for a long period of time could be realized. 

Example H3 

A hiqh polymer of a polydiperfluoroalkyi fumarate/poly vinyl ester copolymer (9:1) was dissolved in a 
' fluoroca'bon' solvent. theMluSon was spread on the surface of -^^'/"^ ^^^J^t^he'sam 
compressed to form a Langmuir film which was then transferred to the surface of ^ 
ma^nLr as that of Example HI . The above step of transfer was repeated four times, and the transfe^ed LB 
fT wis heat-treated at 120' C for one hour. The observation under a microscope has revealed that the 
filed hJf i m wTs ve^y dense and homogeneous. The film had a contact angle of 105- to water tha .s^ a 
high water repellency. Further, it was confirmed that the inside of the nozzle was subjected to no treatment 

Thf rjlwetZ'h^ thus produced was mounted on a recording -ice^ se.^^^^^ 
conducted. As a result, neither omission of dot nor disturbance of setting occurred, ^^a^ 'J ^^^^^^^^^^^^ 
that the nozzle was successfully rendered water-repellent. Then, the ink jet recording head was immersed m 
a p me t" k at 70' C for 5 da'ys, and a setting test was conducted in the same ~ -j^^^^ ^^^^^^^^ 
obove The setting quality was the same as the initial property. That is,. the recording head ma ntamed a 
luuSem ink epeLncy. A rubbing test was conduced Ihrough .he use of a silicone rubber while injecting a 
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pigment ,nk. As a result, the contact angle of the recording head to water was 95' or more after rubbing the 
recording head 5000 times. Thus, an ink jet recording head which gives rise to substantially no deterioration 
of the water repellency and can provide a high setting quality for a long period of time could be realized. 

Embodiment I 

In the process according to the present embodiment, a coupling compound layer is formed on the 
surface of a nozzle prior to the formation of a water-repellent layer through transfer. A combination of the 
above-descnbed transfer method with the formation of a coupling compound layer makes it possible to form 
a water-repellent layer having an excellent adhesion and a large thickness. 

Example II 

A coupling compound layer was formed on the surface of an ink jet recording head comprisinq olass 
silicon, polysulfone or polycarbonate. 

TT-Aminopropyltriethoxysilane, N-;8-aminomethyl-y-aminopropylfrimethoxysilane, N-phenyl-.- 
aminopropyltrimethoxysilane, N-^S-aminoethyl-^-aminopropyltrimethoxysilane or N-;3-aminoethyl-y- 
aminopropylmethyldimethoxysilane was used as the coupling compound. A solvent capable of dissolving 
the coupling compound, for example, methanol, ethanol or water, is used as the solvent. Although the 
concentration of the coupling compound can be arbitrarily selected, in the present example, the surface of a 
nozzle was immersed in a 0.2 wt.% solution and drying was conducted at a temperature capable of 
evaporatirig the solvent to form a coupling layer. 

Then, a fluoropolymer layer (a solution of "CYTOP" (manufactured by Asahi Glass Co., Ltd ) dissolved 
in a fluorocarbon organic solvent having a high boiling point was formed on the surface of a coupling layer 
by a transfer method. Specifically, the solution was coated on an elastic body as a support having a smooth 
surface used in the transfer, such as a silicone rubber, a urethane rubber, a butyrene rubber gelatin or a 
chloroprene rubber, by spin coating or uniform pull-up immersion, and a nozzle plate was pressed against 
the coated surface while regulating the pressure. 

Thereafter, this head was baked at a temperature not below the glass transition temperature for 
example, 150-C. for the purpose of removing the solvent in the fluoropolymer layer and enhancing the 
fluidity to improve the coating property. The observation of the surface of the nozzle under a microscope 
has revealed that the formed thin film was very dense and homogeneous. The film had a contact angle of 
110° to water, that is, a high water repellency. 

The ink jet recording head thus produced was mounted on a recording device, and a setting test was 
conducted. As a result, neither omission of dot nor disturbance of setting occurred. That is. it was confirmed 
that the nozzle was successfully rendered water-repellent. Then, the ink jet recording head was immersed in 
a dye ink at TO'C for 5 days, and a setting test was conducted in the same manner as that described 
above. The setting quality was the same as the initial property. That is. the recording head maintained a 
sufficient ink repellency. A rubbing test was conducted through the use of a silicone rubber while injecting a 
dye ink. As a result, the contact angle of the recording head to water was 100* or more after rubbing the 
recording head 5000 times. Thus, an ink jet recording head which gives rise to substantially no deterioration 
of the water repellency and can provide a high setting quality for a long period of time could be realized. 

Example 12 

An ink jet recording head was produced in the same manner as that of Example II. except that the 
amorphous fluororesin used in Example 11 was changed to "Teflon AF" (trade name) manufactured by De 
Pont (E.I.) de Nemours & Co. and the temperature of baking after coating was changed to ISO'C. 

Example 13 

An ink jet recording head was produced in the same manner as that of Example II. except that the 
amorphous fluororesin used in Example II was changed to "Teflon AF" (trade name) manufactured by De 
Pont (E.I.) de Nemours & Co. and the temperature of baking after coating was changed to 180' C 
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Example 14 

• A head provided with a coupling layer and a water-repellent layer was produced in the same manner as 
that of Example 11. except that the surface of the nozzle was previously allowed to stand in oxygen plasma 

or ultraviolet irradiation atmosphere. mn- or mnrp 

As with the head produced in Example 1. the head thus produced had a contact angle of 100 or ruo e 
to water after rubbing the head 5000 times. Thus, an ink jet recording, head which gives n.se to substantially 
no deterioration of the water repellency and can provide a high setting quality for a long period of time 

'''''' Th?pS'em was described above with reference to examples. Materials used in the ink jet 

recording head and structures of the ink jet recording- head and -the kind of the fluoropolymer layer formed 
on the surface of a nozzle may be varied and are not particularly limited. 

industrial Applicability 

The ink jet recording head of the present invention can be widely applied as a recording head to be 
mounted on an ink jet recording device such as an ink jet printer. 
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An ink jet recording head for use in an ink jet recording device, wherein a water-repellent layer 
comprising a homogeneous layer of a fluoropolymer is formed on the surface of a nozzle for jetting an 

ink. 

2. The ink jet recording head according to claim 1. wherein the water-repellent layer comprises a solvent- 
soluble fluoropolymer. 

3. The ink jet recording head according to claim 2. wherein the solvent-soluble fluoropolymer has a 
fluorine atom in its substantially all the molecular ends. 

4. The ink jet recording head according to claim 1, wherein the water-repellent layer is formed through a 

coupling compound layer. 

5 The ink jet recording head according to claim 1. wherein the water-repellent layer comprises an 
■ alternating copolymer of a fluoroethylene with a hydrocarbon ethylene or its analogue or derivative. 

6. The ink jet recording head according to claim 1, wherein the water-repellent layer comprises a LB film 
of a fluoropolymer. 

The ink jet recording head according to claim 1. wherein the water-repellent layer comprises a fluoro 
cyclic polymer. 

8 A process for producing an ink jet recording head for use in an ink jet recording device, comprising 
subS'g the surface of a nozzle for jetting an ink of the ink jet recording head to a treatment for 
rendering the surface of the nozzle water-repellent, characterized in that the process comprises the 

steps of: ^ , . 

preparing a polymer solution of a fluoropolymer dissolved in a solvent; 

coding through dipping said polymer solution on the whole surface of a nozzle plate P^°-d«d with 
an ink jet hole to form a water-repellent layer comprising a fluoropolymer on the whole surface of the 

"°"rlCgThrough grinding the water-repellent layer on the reverse surface (the opposite side of a 
side from which an ink is jetted) of the nozzle plate in the water-repellent layer formed on each surface 
of the nozzle plate. 

The process according to claim 8. which further comprises, after forming the water-repellent layer on 
,he Whole surface of the nozzle plate, lorming a protective layer on at least the inside or -cmity of the 
jet hole of the nozzle, removing through grinding the water-repellent layer on the reverse suriace (the 
opposite Side of a side Irom which an ink is jetted) of the nozzle plate ,n the water-repellent layer 
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formed on each surface of the nozzle plate and rennoving said protective layer. 

10. A process for producing an ink jet recording head for use in an ink jet recording device, comprising 
subjecting the surface of a nozzle for jetting an ink of the ink jet recording head to a treatment for 
rendering the surface of the nozzle water-repellent, characterized in that the process comprises the 
steps of: 

coating a positive-working resist on at least the reverse surface (the opposite side of a side from 
which an ink is jetted) of a nozzle plate provided with an ink jet hole: 

irradiating jhe nozzle plate with an ionizing radiation from the surface side of the nozzle plate with 
the reverse surface "side being light-shielded; 

developing the irradiated surface and removing the resist from the surface of the nozzle plate and 
the inside of the nozzle hole; 

coating through dipping a polymer solution containing a fluoropolymer dissolved therein on the 
whole surface of the nozzle plate to form a water-repellent layer comprising a fluoropolymer on the 
whole surface of the nozzle plate; and 

removing the resist layer and the water-repellent layer on the reverse surface side of the nozzle 
plate to form a water-repellent layer on only the surface side of the nozzle plate and the internal surface 
of the nozzle hole. 

11. A process for producing an ink jet recording head for use in an ink jet recording device, comprising 
subjecting the surface of a nozzle for jetting an ink of the ink jet recording head to a treatment for 
rendering the surface of the nozzle water-repellent, characterized in that the process comprises the 
steps of: 

forming a polymer layer comprising a polymer solution containing a fluoropolymer dissolved therein 
on the surface of a transfer medium; and 

transferring the polymer layer formed on the transfer medium to a predetermined portion of the 
surface of the nozzle provided with an ink jet hole. 

12. The process according to claim 11. wherein the transfer of the polymer layer is conducted at least once 
by spreading the polymer solution containing a fluoropolymer dissolved therein on the surface of water, 
evaporating a solvent contained in the polymer solution and bringing the spread film into contact with 
the surface of the nozzle. 

13. The process according to claim 12. wherein after the transfer of the polymer layer, the transferred 
polymer layer is heat-treated. 

14. The process according to claim 11. which further comprises spreading the polymer solution containing 
a fluoropolymer dissolved therein on the surface of water, evaporating the solvent, moving a barrier to 
form a Langmuir film from the resultant spread film and bringing the resultant Langmuir film into 
contact with the surface of the nozzle to form a LB film comprising at least one layer of a fluoropolymer 
on the surface of the nozzle. 

15. The process according to claim 11, wherein prior to the transfer of the polymer layer, a coupling layer 
is formed on the surface of the nozzle. 

16. The process according to claim 11. wherein the surface of the transfer medium is smooth. 

17. The process according to claim 11, wherein the coupling compound layer is formed by immersing a 
nozzle in a coupling solution comprising a coupling compound and a solvent. 

18. The process according to claim 11, wherein after exposure of the nozzle to an ozone atmosphere, the 
coupling layer is formed and the water-repellent layer is then formed. 

19. The process according to claim 11. wherein after exposure of the nozzle to an ozone atmosphere, the 
water-repellent layer is formed through transfer. 
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